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The “natural rate of unemployment’’, in other words, is the level that would be ground 
out by the Walrasian system of general equilibrium equations, provided there is imbed-
ded in them the actual characteristics of the labor and commodity markets, includ-
ing market imperfections, stochastic variability in demands and supplies, the cost of 
gathering information about job vacancies and labor availability, the costs of mobil-
ity and so on.
Milton Friedman (1968)
1. Introduction
Modern microfounded macroeconomic models have incorporated into a dynamic 
stochastic general equilibrium framework imperfect product and factor mar-
kets along with nominal wage and price rigidities. As the departures from per-
fect competition and the Walrasian general equilibrium system is made explicit, 
these models allow for rigorous, although model-based, definitions of the level 
of potential output and the level of natural level of output. The former being the 
level of output that would prevail under perfect competition and no price or 
wage rigidities; whereas the latter being the level of output that would prevail 
under imperfect competition, but with flexibel prices and wages. Thus, the two 
concepts are quite different and should therefore be clearly distinguished.1 It is 
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2 Compare the definition of the natural output with the definition of the natural rate of unem-
ployment by F (1968). See also the discussion in MC (2001).
also clear that the latter concept is closer to Friedman’s original definition.2 This 
conceptual issue is not only of theoretical importance, but can also be relevant 
empirically as pointed out by MC (2001, p. 261).
In this paper we take a clear stand and follow the lead of MC and 
N (1999) and MC (2001) to estimate a model-based natural level 
of output. For this purpose, we specify a fully fledged DSGE small open econ-
omy model. This model was taken from DN and S (2008) 
and L and S (2007) and is itself a simplified version of the small 
open economy model of G and M (2007). The model consists of an 
open economy IS curve, a New Keynesian Phillips curve and a Taylor rule. In 
contrast to DN and S (2008) and L and S 
(2007), we allow for habit persistence and indexation. In this model, the natural 
level of output is defined as the output for which the deviation of marginal costs 
from its steady state level is zero. This allows us to define the output gap as per-
centage difference between actual and natural level of output. This is the entity 
we are actually interested in.
The model is estimated for Swiss data using the Bayesian econometric tech-
niques as exposed by A and S (2007) and F-V 
(2009). The aim is to update an a priori distribution over the parameters using 
sample observations to arrive at the posterior distribution. This involves several 
steps. First, for given parameters we have to solve a forward looking rational 
expectations model. Second, we apply the Kalman filter to compute the likeli-
hood of the data. Third, we approximate the posterior distribution by a Monte 
Carlo Markov Chain (MCMC). An output of the Kalman filter is an estimate 
of the state vector at point t  given the information up to and including period t. 
These so-called filtered values are then taken as our estimates for the output gap. 
Finally, we investigate the properties of our estimate and compare it to other 
measures. We also estimate different variants of the model to investigate the 
robustness of our results.
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3 See M (2003) for an introductory survey.
2. Review of the Literature
There is a large empirical literature on the estimation of the output gap as well 
as the potential output because of its utmost importance for the assessment and 
conduct of monetary policy. This literature usually assumes that potential output 
evolves smoothly over time letting the output gap fluctuate with the business 
cycle. This ad hoc identifying assumption underlies most of the statistical filtering 
procedures, like HP-filter, band-pass filter, unobserved components, et cetera.3 
While the application of these procedures is straightforward, it proved to be 
difficult to come up with reliable estimates in real time due to end-of-sample 
problems. Therefore, some researchers have questioned the usefulness of these 
procedures for the conduct of monetary policy (see among others O 
and  N, 2002; or W, 2007). Others, like H (2005), have 
actually rejected the notion of a smoothly evolving potential output surrounded 
by business cycle fluctuations. This problem cannot be overcome by moving to 
multivariate filters.
An alternative to ad hoc filtering procedures has recently been provided by J-
 and P (2008), A et al. (2005), N and N (2005), 
and E et al. (2008). They estimate and analyze well-specified DSGE models 
using Kalman filtering techniques. These techniques make a clear distinction 
between the model equations given as state transition equations and the measure-
ments available to the econometrician. Although the states (model variables) may 
be unobserved, like the natural output level in our case, the Kalman filter provides 
an optimal estimate of the states given the observations. The papers cited above 
apply this technique to US data using closed economy models. Here we make, for 
the first time, an attempt to use a small open economy DSGE model.
Although the estimation of open economy DSGE models ranks high on the 
international research agenda (see L and S, 2007; DN 
and S, 2008; or J and P, 2009, among others), 
there are, to our knowledge, only few applications to Switzerland. Notable excep-
tions are B and D (2008) or B and M (2008). Thus, 
besides the estimation of the output gap, there is an independent interest with 
regard to the assessment of small open economy DSGE models for Switzerland.
Most of the literature concerning Switzerland followed the “trend approach’’ as 
in A-W and G (2008). Nevertheless, there are attempts 
to use more structural procedures. B and R (2007) put forward a 
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4 See G and S (1999) for a similar approach at the European level.
5 See also L and S (2007) and B and M (2008).
6 A rationale of these features based on microeconomic arguments can be found, for example, 
in J and P (2009).
multivariate extension of the Hodrick-Prescott filter which allows to incorpo-
rate structural information like a backward looking Phillips curve and Okun’s 
Law.4 However, this procedure remains ad hoc and does not use a consistent and 
fully articulated model of the Swiss economy. In addition, there is also a pro-
duction function approach in place (see S, 2002, Section 2). Although 
this approach is economically based, the estimates correspond to the concept of 
potential output and not to Friedman’s natural rate.
3. The Model
Our model falls within the class of small open economy models put forward by 
G and M (2007). Models in this framework can be written in the 
canonical form of New Keynesian models as presented and analyzed in detail 
by W (2003). In its simple form, openness only influences the slope 
coefficients but plays otherwise no independent role. More elaborate models 
with a more prominent role for openness have been discussed, among others, by 
M (2005), J and P (2009) or B and D 
(2008).
As our goal is mostly empirical, we implement the model proposed by D 
N and S (2002) which is itself a simplified version of G 
and M (2007).5 The building blocks are a two-stage production sector 
with a perfectly competitive final goods sector and a monopolistic intermediate 
goods sector combined with Calvo-price setting behavior. With respect to the 
open economy, we assume that the law of one price for the foreign good holds 
and that the asset markets are complete enough to allow for perfect risk sharing 
with the rest of the world. The model actually consists of three behavioral equa-
tions: a dynamic IS-equation, a new Keynesian Phillips curve (NKPC) and a 
monetary policy rule (MP-rule). However, we add external habit persistence in 
consumption and price indexation to improve the fit of the model. These features 
are added in an ad hoc manner as in I (2004) and are not grounded in 
terms of microeconomic foundations.6
We give a brief exposition of the equations of the model. Denote by yt the per-
centage deviation of actual output from trend output and by yt
n the corresponding 
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7 The dynamic IS-equation above was actually derived by adding habit formation in DN-
 and S (2008, equation (A41)) leaving all other equations unchanged.
natural level of output. Thus the output gap is defined as xt = yt − yt
n. The trend 
output is driven by a world wide technological process { Zt } with the property 
that lnZt  ∼ I(1) with
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In the following, all quantitative variables are deflated by Zt and measured as 
percentage deviations from the steady state.
The dynamic small open economy IS-equation with exogenous habit forma-
tion is written with respect to the output gap:
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where 0 < α < 1 denotes the share of foreign goods in the CPI and where 0 < h < 1 
measures the amount of habit formation. λ is a composite parameter equal to 
α(2 − α)(1 − τ) where τ, 0 < τ < 1, is the intertemporal elasticity of substitution 
in consumption. The restrictions on the parameters α and τ imply that 0 < λ < 1. 
For h = 0, we obtain exactly the specification in DN and S 
(2008, equation (3)). Thus, according to the dynamic IS-equation, the contem-
poraneous output gap is negatively related to the real interest rate Rt − EtpiH,t+1 , 
computed with respect to inflation of home produced goods piH,t. If in addition 
α = 0 we obtain the standard specification for the closed economy. Note that the 
terms of trade qt, defined as the relative price of home produced goods in terms of 
imported goods, enter the dynamic IS-equation only through habit formation.7
The NKPC with indexation is defined in terms of piH,t 
, the inflation with 
respect to home produced goods:
 
, , 1 , 1H t b H t f t H t tx
κ
pi γ pi γ pi
τ λ
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+
E  (3)
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8 See MC and N (1999) and A et al. (2005) for details.
9 See D N and S (2008) and S (2008) for details.
10 This strategy was also followed in DN and S (2008), L and S-
 (2007), and J and P (2009).
In the NKPC the parameters are functions of the underlying preference and 
technology parameters:
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where β and ω denote the subjective discount factor and the fraction of firms 
that index their prices to lagged inflation. Because 0 < β < 1 and 0 < ω < 1, the 
sum of γb and γ f is strictly smaller than one, but close to one if β takes the usual 
values close to one. Thus, our specification of the NKPC does not satisfy the 
natural rate hypothesis and is therefore not immune to McCallum’s criticism.8 
The slope of the Phillips curve depends on κ which is itself a function of θ, the 
probability that a firm cannot reoptimize prices in the current period.9 Thus if 
κ becomes large, i.e. θ → 0, the Phillips curve becomes vertical and the price 
rigidities vanish.
The third behavioral equation captures the conduct of monetary policy by the 
central bank and consists of a Taylor rule:
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The rule is rather general as it allows the monetary authority to respond not 
only to inflation but also to output growth given by ∆yt + zt and the terms of 
trade. The rule is subject to a white noise disturbance term εR,t. Alternatively, one 
could assume that the central bank follows an optimal policy rule and therefore 
does not respond to output growth but instead to the output gap. We think that 
our specification is more realistic because ∆yt + zt corresponds more closely to 
traditional measures of output gap. Moreover, this policy function is based on 
observed variables only.10
The assumption of perfect risk-sharing links consumption at home with con-
sumption of the rest of the world. Together with the market clearing conditions 
for the domestically produced good and the foreign good this allows us to express 
the deviation of marginal costs from its steady state as a function of domestic 
and foreign output (see DN and S, 2008, equation (A39)). 
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Note that the steady state marginal costs are a function of the mark-up charged 
by monopolistic producers of intermediary goods. The natural level of output 
yt
n is defined as the output which makes the deviation of marginal costs from its 
steady state level equal to zero. This leads to an expression of yt
n in terms of world 
output yt
∗. It is actually proportional to world output yt
∗:
 .nt ty y
λ
τ
∗=−  (5)
Note that the natural level of output is negatively related to world output.
The model is closed by specifying the law for the exogenous processes. World 
output is taken as exogenous and is assumed to follow an AR(1) process:
 21 , ,,    WN(0, ).t ty y t y t yy yρ ε ε σ
∗ ∗
∗ ∗ ∗ ∗−= + ∼  (6)
Although the terms of trade are in principle endogenous in the model, we follow 
D N and S (2002) and treat { qt } as an exogenous AR(1) 
process:
 21 , ,,    WN(0, ).t q t q t q t qq qρ ε ε σ−= + ∼  (7)
This assumption is dictated by practical considerations as the terms of trade 
are hard to explain empirically. Finally, we relate piH,t to CPI inflation pit and to 
changes in the nominal exchange rate:
 , ,t H t tqpi pi α= −  (8)
 (1 )t t t te qpi pi α
∗∆ = − − −  (9)
where pit
∗ denotes foreign inflation. Again, we assume an AR(1) process for for-
eign inflation:
 
2
1 , ,
,    WN(0, ).t t t tpi pi pi pipi ρ pi ε ε σ
∗ ∗
∗ ∗ ∗ ∗−= + ∼  (10)
Note that despite the openness of the economy, the terms of trade do not play an 
independent role neither in the IS equation nor in the NKPC. This is a consequence 
of the restrictive assumptions of the law of one price for imported goods. A relaxa-
tion of the assumption results in a less than complete pass-through and breaks the 
identity to the canonical representation of the New Keynesian model. A detailed 
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11 In an earlier version of the paper we reported results from a model with an elastic labor supply. 
As the implemented model did not exactly correspond to the theoretical one, we abstained 
from reporting results related to this more general specification.
12 See DJ and D (2007) for a textbook presentation.
analysis of transmission mechanisms involved is given in C (2007). The 
implications for monetary policy is discussed in M (2005).
The above model was kept very simple and deliberately omits additional com-
plications arising from a thorough treatment of habit formation. Indeed a deri-
vation from first principle would result in a more involved formula of real mar-
ginal costs which would depend on habit persistence. Additional features, like 
the deviation from the law of one price for the foreign good or a nonzero labor 
supply elasticity, would complicate the model even more.11
Equations (1) to (10) form a linear rational expectations model with param-
eter vector
 ( , , , , , , , , , , , , , , , , , , ).R x q R q z q zy yh pi pi piβ α τ κ ω ρ ψ ψ ψ σ ρ ρ ρ ρ σ σ σ σ∗ ∗ ∗ ∗Θ=
Although it is possible to reduce the number of equations by making appropri-
ate substitutions, we stick to the larger model because it proved to be numerically 
more stable. It should be noted that the model may have indeterminate solutions 
depending on the values of parameters. A necessary condition for determinacy 
is that the response of the monetary authority to inflation is actually strong 
enough, i.e that ψpi / (1 − ρR) > 1. Although we will not restrict the parameter 
space to ensure determinacy, we will verify that the solution implied by our esti-
mates is unique.
4. Estimation
4.1 Estimation Strategy
We pursue a Bayesian estimation strategy as exposed in A and S 
(2007) or F-V (2009).12 In contrast to a classical approach, 
the Bayesian approach is more flexible in incorporating information not con-
tained in the estimation sample. This flexibility proved to be necessary because 
the direct application of maximum likelihood estimates to DSGE models of this 
type often resulted in relatively flat likelihood functions and led to parameter 
estimates which are at odds with information from other sources.
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The Bayesian framework aims at estimating the posterior distribution of the 
model parameters given a prior distribution of these parameters and the data. 
The posterior distribution p(Θ | Y ) of the parameters given the data collected 
in Y  factorizes according to Bayes’ rule into the product of the likelihood func-
tion of the data, L(Y | Θ), and the prior, pi(Θ), subject to a normalization con-
stant p(Y  ):
 
( | ) ( )
( | )
( )
( | ) ( )
Y
p Y
p Y
Y
pi
pi
Θ Θ
Θ =
∝ Θ Θ
L
L
where Y = {Y1,…,YT} denotes the sample at hand and p(Y ) its probability. In Baye-
sian analysis, the term p(Y ) is viewed as a constant given the distribution of Θ. 
The estimation of the posterior thus needs two ingredients: the likelihood func-
tion and a prior distribution for the parameters. In this section we take pi(Θ) for 
granted and concentrate on the computation of the likelihood and posterior dis-
tribution. The specification of the prior is tackled in the next Section 4.2.
The first step consists of rewriting the rational expectations model so that it can 
be solved by Sims’ algorithm (see S, 2001). Denoting the state of the system 
in period t by Xt, the model is rewritten as
 0 1 1t t t tX X Z η+Γ =Γ +Ψ +Π
where the underlying shocks are pooled into
 
, 1 , 1 , 1 , 1 , 1
( , , , , )t q t z t R t y t tZ piε ε ε ε ε∗ ∗+ + + + +
′=
and where 
 1 1 , 1 , 1
( , )t t t t H t t H tx xη pi pi+ + + + ′= − −E E
represents the expectation errors. The state vector Xt has more components than 
endogenous variables to account for the lags due to habit formation and indexa-
tion. Sims’ algorithm then casts the solution of the rational expectations model 
into a first-order stochastic difference equation:
 1 1.t t tX GX HV+ += +  (11)
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13 The means can be interpreted as the steady state solution of the model and are as such a func-
tion of the underlying parameters. As we do not employ this information, we may well use a 
demeaned version of the model.
14 The algorithm was first used in L and S (1994).
15 See G (2005) for a detailed exposition.
The matrices G = G(Θ) and H = H(Θ) are nonlinear functions of the param-
eters of the system.
The relation of the state to the data is given by the measurement equation:
 Yt = FXt (12)
where F may also be a function of Θ. There is no constant because all data are 
demeaned.13 Moreover, we assume that there are no measurement errors, so that 
the measurement equation (12) includes no stochastic term. Such a specification 
only makes sense if the number of structural shocks, five in our case, equals the 
number of observed variables. Under this premise, the DSGE model generates a 
non-singular error covariance matrix. Hence, there is no obstacle to likelihood 
estimation.
Given a parametrization and the state space representation of the model 
solution in equations (11) and (12), we use the Kalman filter to compute 
the likelihood of the data. To obtain the posterior mode, i.e. the maximand 
of  ln L(Y | Θ) + ln pi(Θ), we make use of Sims’ line search algorithm, which takes 
cliffs due to the non-existence or non-uniqueness of a rational expectations solu-
tion into account.14 We are then in a position to use the Random Walk Metrop-
olis-Hastings algorithm to approximate the posterior distribution.15
4.2 Specification of Prior
The appropriate specification of the prior distribution represents a critical stage 
in the estimation process. The specification used in this paper is represented 
in Table 1 and is justified below. We choose the form of the prior distribution 
to conform with the parameter range. Thus, we take a gamma distribution for 
parameters with positive support, a beta distribution for parameters with a sup-
port between zero and one and a normal distribution for parameters with the 
real line as a support. For the standard deviations we specify an inverted gamma 
distribution. In each case the distribution is pinned down by assigning values for 
the mean and the standard deviation.
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In order to avoid a parameter assignment close to the boundary of the admis-
sible range, we do not specify β directly, but set the long run value of the real 
interest rate r∗. β is then computed according to the relation /400 .reβ
∗−=  Given 
an average real interest rate of 1.57 over the sample, we derive a β equal to 
0.9961. α denotes the share of foreign goods in the CPI and represents a crucial 
parameter for the model. It has steadily increased over the sample and reached 
at present a value just below 30 percent. We take this value as the mean of our 
prior distribution and take a relatively small standard deviation. τ is the inter-
temporal elasticity of substitution of households. Following the literature, we 
take its mean to be 0.50. This leads to an approximate average value of λ equal 
to 0.255 and therefore of τ + λ of 0.755. Following previous evidence, we have 
taken the mean for the habit persistence parameter h equal to 0.5 with stand-
ard deviation of 0.2.
Assuming that prices are fixed on average between 4 to 5 quarters leads to 
an average value of θ between ⁄ and ⁄ and therefore of κ slightly smaller that 
0.1.16 The mean of the indexation parameter ω is taken to be 0.5 with standard 
deviation equal to 0.2.
The response of the central bank to inflation must be rather strong in order 
to avoid indeterminate solutions to the model. We therefore assume a value of 
1.50. The responses to output growth and the terms-of-trade are assumed to be 
normally distributed around zero. This, perhaps unusual assumption, has the 
advantage that it does not exclude a priori the possibility that the SNB does just 
take inflation and not output and/or the terms-of-trade into account. On a priori 
grounds, the inflation goal has priority in the policy of the SNB. Although the 
three-month LIBOR clearly has a unit root, we restrict its autoregressive coeffi-
cient ρR to be smaller than 1.0.
For the world productivity we took over the specification of L and S-
 (2007) and assumed a rather small autoregressive coefficient with an inno-
vation standard deviation twice as high. The specification of { yt
∗ } was deduced 
from the analysis of the real GDP growth of the OECD.
4.3 Data
We use quarterly data over the period 1997:2 to 2009:2 to estimate our model. 
This rather short sample is dictated by the change in the policy of the SNB by 
the year 2000. Estimates which incorporate a longer sample showed some signs 
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17 See P (2009) for an analysis of regime changes in the SNB’s Taylor rule. His anal-
ysis suggests that the Taylor rule of the SNB is less prone to regime switches in our sample 
period than in the period before.
of structural breaks so that we felt more secure using the shorter sample.17 Our 
data consist of CPI inflation, the three month LIBOR, the percentage change 
of the terms-of-trade computed as the price of exported goods over the price 
of imported goods, the quarterly growth rate of real GDP, and the percentage 
Table 1: Prior Distributions of Parameters
 
 distribution mean standard
deviation
r* Gamma 1.57 0.05
α Beta 0.30 0.05
τ Beta 0.50 0.10
h Beta 0.50 0.20
κ Gamma 0.10 0.05
ω Beta 0.50 0.20
ρR
Beta 0.50 0.10
ψ pi
Gamma 1.50 0.20
ψx
Normal 0.00 0.40
ψq
Normal 0.00 0.20
σR
Inv. Gamma 0.50 0.20
ρq
Beta 0.50 0.20
ρ z
Beta 0.20 0.10
ρ y*
Beta 0.50 0.10
ρ pi*
Beta 0.80 0.20
σq
Inv. Gamma 1.50 0.50
σz
Inv. Gamma 1.00 0.20
σy*
Inv. Gamma 0.50 0.20
σpi*
Inv. Gamma 3.00 0.20
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18 In order to save space, we do not present the plots of the posterior distributions. They are, 
however, available upon request.
19 See B and D (2008 ) for a model which is similar to ours and C and S 
(2009) for more general concerns, in particular regarding identification issues.
change in the nominal exchange rate. If monthly data were available, we have 
taken monthly averages to obtain quarterly data. Data are seasonally adjusted. 
Details are reported in the appendix.
4.4 Estimation Results
4.4.1 The Full Model
Given the prior specified above we are now in a position to estimate the poste-
rior distributions of the parameters by applying the random walk version of the 
Metropolis-Hastings algorithm. In Table 2 we report in columns 3 to 5 their 
modes, means and standard deviations.18 To check the robustness of the speci-
fication, we draw randomly alternative parameter constellations from the prior 
distribution as starting values. It turned out that we converge to a solution for 97 
percent of the drawn parameter values. While we do not converge to the exactly 
same solution in all the cases, the range of estimated parameter modes is rela-
tively tight. Although the application of the Bayesian approach faces some tech-
nical difficulties19, a detailed analysis of our results suggests that the estimation 
delivers sensible and robust results.
The mean coefficient on openness turned out to be low. Its mean value 
decreased from 0.30 for the prior to 0.23 for the posterior mean. This value is 
close to the sample mean of the weight of foreign goods in the CPI. The distri-
bution of the habit formation coefficient changed considerably. Its mean value 
decreased from 1/2 to 0.23. In contrast, the intertemporal elasticity of substitu-
tion τ changed only slightly.
The coefficients of the Phillips curve show that price indexation is not an 
important issue in Switzerland. This is not surprising given the very low inflation 
rates observed over the sample period. The response of inflation to the output 
gap turned out to be higher than assumed a priori. This corresponds to an aver-
age value of price stickiness of less than three quarters. Note that the coefficient 
of the output gap is considerably higher than the one reported in B and 
R (2007, Table 1 on page 9) .
The Taylor rule showed a strong response to inflation as expected. The posterior 
mean of ψpi equals 0.73 so that the necessary stability condition (ψpi / (1 − ρR) > 1) 
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is fulfilled. In addition, there is also a strong reaction to output growth so that 
the nominal interest rate is increased during booms and decreased in recessions. 
There seems to be no reaction to the terms-of-trade.
Table 2: Statistics of the Posterior Distributions of Parameters
 full model pure IT benchmark
prior mean mode mean s.d. mode mean s.d. mode mean s.d.
r* 1.57 1.57 1.57 0.05 1.57a 1.57a 1.57a 1.57a
α 0.30 0.20 0.23 0.06 0.24 0.53 0.07 0.23 0.27 0.04
τ 0.50 0.61 0.43 0.08 0.59 0.39 0.04 0.59 0.36 0.07
h 0.50 0.23 0.24 0.13 0.44 0.50 0.00 0a 0a
κ 0.10 0.29 0.32 0.09 0.16 0.10 0.02 0.37 0.34 0.09
ω 0.50 0.06 0.08 0.06 0.05 0.02 0.01 0
a 0a
ρR
0.50 0.49 0.43 0.09 0.45 0.16 0.04 0.48 0.38 0.09
ψ pi
1.50 0.73 0.81 0.15 0.79 0.85 0.04 0.75 0.85 0.14
ψx
0.00 0.16 0.19 0.09 0a 0a 0.18 0.28 0.08
ψq
0.00 0.01 0.02 0.04 0a 0a 0.02 0.05 0.04
σR
0.50 0.02 0.04 0.05 0.02 0.44 0.02 0.02 0.04 0.02
ρq
0.50 0.68 0.71 0.12 0.88 0.98 0.01 0.57 0.64 0.08
ρ z
0.20 0.75 0.71 0.07 0.71 0.32 0.02 0.74 0.68 0.06
ρ y*
0.50 0.77 0.74 0.08 0.80 0.75 0.04 0.75 0.64 0.11
ρ pi*
0.80 0.31 0.33 0.12 0.31 0.16 0.08 0.31 0.33 0.12
σq
1.50 1.49 1.65 0.40 1.77 1.84 0.36 1.36 1.56 0.34
σz
1.00 0.05 0.17 0.25 0.05 0.67 0.02 0.05 0.24 0.27
σy*
0.50 10.04 2.07 1.05 5.57 0.48 0.13 7.67 1.03 0.65
σpi*
3.00 3.61 3.92 0.87 3.50 2.78 0.54 3.54 3.82 0.85
log likelihood −304.12 −316.49 −302.23
a calibrated
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4.4.2 Alternative Models
In order to check the robustness of our results we estimated a series of alternative 
models. Here we report the results for two special cases. The first one is a model 
with pure inflation targeting (pure IT) where the SNB is supposed to react only 
to inflation. This implies a specification with ψx = ψq = 0. The second alterna-
tive is the benchmark model estimated by L and S (2007) and 
DN and S (2008). There is no room for habit persistence nor 
indexation in this model. Thus, in the benchmark model h and ω equal zero. The 
results for these alternative models are reported in columns 6 to 11 of Table 2.
There are only minor differences between the full model and the benchmark 
model. Most notably, the intertemporal elasticity of substitution τ is lower and 
the reaction to output growth in the Taylor rule is higher in the benchmark model 
compared to the full model. However, the differences are of minor magnitude and, 
as reported in Figure 4, have almost no effect on the output gap estimates.
The posterior means of the pure inflation targeting model differ quite sub-
stantially from the full model estimates. The degree of openness equals 0.53 and 
is distinctly higher than in the full model. Furthermore, the habit persistence 
parameter equals 0.50 and thus is more than twice of the value in the full model. 
The response to the output gap in the NKPC equals 0.10 and thus is more in 
line with micro-level studies. Nevertheless, even with these pronounced differ-
ences in parameters, the estimated output gap does not change substantially as 
reported in Figure 4. We also report the log likelihood of the models in Table 2. 
The higher likelihood of the benchmark model compared to the full model may 
seem surprising at first. Note, however, that the maximization is performed over 
the objective ln L(Y | Θ) + ln pi(Θ) and not over ln L(Y | Θ).
4.5 Impulse Responses
In addition, it is instructive to examine the responses of the endogenous variables 
to various shocks. Selected impulse responses are displayed in Figures 1 and 2. 
These figures show the median response together with a 95-percent confidence 
interval. The confidence interval was computed by randomly drawing parameters 
from the posterior distribution, then solving the corresponding model by Sims’ 
algorithm and using the Kalman filter representation to compute the impulse 
response. Repeating this 40’000 times allowed us to compute the appropriate 
confidence interval for each horizon separately.
As expected, a positive productivity shock raises significantly the output 
gap and output growth. The positive output gap then increases inflation. This 
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20 Similar results are obtained when a band pass filter is used instead.
21 Both the HP filter and BN decomposition have been estimated over the period 1980:2 to 
2009:2.
22 We thank the SNB for providing us with the corresponding data.
development is counteracted with a lag by the SNB which raises the short term 
interest rate. The shock is more or less absorbed after 4 quarters.
An unexpected increase of the interest rate also shows the awaited responses. 
The output gap and growth decline on impact as does the inflation rate. This 
negative influence is reduced as the SNB brings the interest rate back to its 
original level. The cut in the interest rate then leads to positive output growth 
which brings back the system to its steady state. The effect of the shock disap-
pears after 4 quarters.
5. Discussion of the Estimated Output Gap
Having estimated the posterior distribution, we are now in a position to provide 
estimates for the output gap. For this purpose we ran the Kalman filter with 
the parameters given by the mode of the posterior distribution. This procedure 
delivers the filtered values of the state vector Xt|t, i.e. the best linear prediction 
of  Xt, in the mean squared error sense, given the observation up to and includ-
ing period t. For comparison purposes we provide two alternative measures. The 
first one is derived from the standard Hodrick-Prescott filter (HP filter).20 The 
second alternative is constructed from the Beveridge-Nelson decomposition (BN 
decomposition) implied by an AR(1) model for ∆lnGDP. This decomposition 
delivers the trend of the series (see M, 2003, chapter 3.5; and N, 2009, 
chapter 7.1) and thus the cycle can be constructed as the difference to the origi-
nal series.21 These three estimates are plotted in Figure 2. To check the reliability 
of our estimates we have also plotted the two alternative estimates together with 
the filtered output (see Figure 2). As a further alternative we examined the esti-
mates derived from the production function approach as described by S 
(2002)22 and the unemployment rate. We report descriptive statistics in Table 3 
and Table 4. In order to assess the robustness of our model-based estimates, we 
plot the output gap estimates for all three models in Figure 4.
From these figures we can see that our estimate of the output gap is very close 
to zero for most of the sample period. The estimates vary in a narrow range of 
±0.5 percent, the last two to three years and the end of the 1990’s being an excep-
tion. In the end of the 1990’s the output gap was slightly negative and turned into 
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23 See G (2007) and G and K (1997) for a rationale of this finding.
24 Note, however, that the high autoregressive correlation may be spurious as shown by H 
and J (1993).
positive around the year 2000. This positive period was followed by a movement 
around the zero line which lasted until 2007. In this year the output gap dropped 
sharply, but became strongly positive in the following period. The most recent 
episode was marked by a sharp fall. However, by mid 2009 the output gap was 
again very close to zero. This is in sharp contrast to the other estimates which 
show a drastic fall during the financial crisis.
Thus, the volatility of the DSGE output gap turns out to be quite small. This 
suggests that, perhaps with the exception of the last two years, price rigidities did 
not play a major role in the Swiss business cycle. However, one could also inter-
pret this finding as a sign for good monetary policy by the SNB or as a sign for 
the lack of bad shocks. Nevertheless, this result should not come as a surprise. 
Given that Swiss inflation was very low and relatively stable, the Phillips curve 
would predict an output gap close to zero.23
In Table 3 we provide some descriptive statistics of the four estimates and the 
unemployment rate. The main difference between our model-based estimate 
and conventional statistical estimates is the much lower volatility of the former. 
Whereas the model-based estimate has a standard deviation of only 0.21, the 
alternative estimates have a value which is more than four times as high. This 
reduced volatility goes together with a lower persistence as reflected in the auto-
correlation coefficients.24
Table 4 shows the cross-correlation coefficients of our alternative estimates. 
The DSGE based measure of output and the HP filtered output are positively 
correlated. The correlation with the BN decomposition is also positive but less 
pronounced. The DSGE based output gap shows no correlation with the HP fil-
tered estimate and the DSGE based output. However, it is negatively correlated 
with the BN decomposition. As already mentioned, the production function 
based measure is strongly correlated with the HP filter. The correlation with the 
unemployment rate is substantially negative for all estimates, except for the BN 
decomposition. These results suggest that the alternative output gap measures 
are more closely related to variations in potential output.
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25 See H (2005) for an explicit criticism of this assumption.
Table 3: Some Descriptive Statistics of the Output Gap Estimates  
(DSGE Estimates Based on Mode)
 
 DSGE based
 output gap output
HP filter BN decomp. production 
function 
unemploy-
ment rate 
std 0.21 0.59 1.17 0.90 1.30 0.93
ρ(1) 0.49 0.80 0.84 0.72 0.90 0.88
ρ(2) 0.40 0.55 0.59 0.39 0.72 0.74
Sample: 1997:2 to 2009:2.
Table 4: Cross Correlations between Output Gap Estimates  
(DSGE Estimates Based on Mode)
DSGE based
 output gap output
HP filter BN decomp. unemploy-
ment rate
production 
function
1.00 0.15 0.01 −0.51 −0.29 0.16
1.00 0.78 0.52 −0.27 0.80
1.00 0.32 −0.58 0.90
1.00 0.22 0.23
1.00 −0.55
1.00
Sample: 1997:2 to 2009:2.
6. Conclusion
For the first time, to our knowledge, we provided an estimate of the output gap 
in a small open economy based on an explicitly specified DSGE model. While 
one can raise many objections concerning the details of the model or the specif-
ics of estimation strategy, we claim that the model-based approach is the correct 
way to proceed. It provides a clear definition of the output gap and does not rely 
on ad hoc statistical identification schemes, like smoothness.25
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26 See M (2005) or J and P (2009) for examples of such models.
Our paper shows that the application of the Bayesian DSGE approach to Swit-
zerland not only delivers convincing and promising results, but also allows the 
estimation of latent variables like the natural level of output or of the output gap. 
The estimate revealed that the output gap as defined in our model was, with the 
exception of the last two years, almost closed. As argued by G (2007) 
and G and K (1997) such a result has to be expected within the 
paradigm of the New Keynesian model for countries which were able to achieve 
price stability for a prolonged period of time.
From an empirical point of view, a closer investigation of the Taylor rule 
seems worthwhile. In particular, the reaction to output gap growth as given by 
the parameter ψx is at stake. One might also question the responsiveness of the 
SNB with regard to the terms of trade and/or the exchange rate. More generally, 
one should take up in more detail the concerns raised by B and D 
(2008) and C and S (2009) about the identification of parameters and 
the inferential validity of the estimation process. As previously mentioned, the 
data were not informative with respect to all parameters. However, this does not 
call into question our main results.
To get a deeper understanding of the Swiss business cycle a more elaborate 
model is necessary. Such a model should give a more prominent role to open-
ness by breaking the correspondence to the canonical New Keynesian model, 
thereby allowing for more interesting transmission mechanisms of terms of trade 
or exchange rate shocks.26 Alternatively, one could relax the assumption of perfect 
risk sharing. The incorporation of such features would break or at least attenu-
ate the negative relation of the natural output level and foreign output in equa-
tion (5). A further issue for future research relates to the adequate representation 
of the peculiarities of the Swiss labor market. In particular, the openness of the 
Swiss labor market together with the handling of quotas and regulations must 
be incorporated.
Finally, the model could benefit from the inclusion of more variables in 
our observation vector Yt, like world output or a measure of labor input. As 
the number of variables would then be greater than the number of structural 
shocks, we would run into the problem of a singular prediction error covariance 
matrix which would make the computation of the likelihood function impossi-
ble. Although literature proposes some ways around this problem (for example 
by introducing measurement errors or by allowing more structural shocks), it 
remains open how to proceed in this particular case.
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Appendix
Data
Series Source Description Transformation Relation  
to model
LIBOR SNB 3 Month LIBOR CHF (pub-
licly available only from 1989 
on) 
 4R
CPI SNB Consumer Price Index 
(Total) 
100  ∆log(CPIt/
CPIt − 4) 
4pi
Prices of 
exported goods 
SECO Implicit chain price indexes 
of seasonally adjusted data 
(without valuables) 
Prices of 
imported goods 
SECO Implicit chain price indexes 
of seasonally adjusted data 
(without valuables) 
Terms of Trade 
(ToT) 
Prices of exported goods over 
prices of imported goods 
100  ∆log(ToT )
 
q
 
GDP SECO Chained values of seasonally 
adjusted Quarterly GDP in 
Mio. Swiss Francs, at prices 
of preceding year. The refer-
ence year is 2000. 
100  ∆logGDP yt − yt−1 + zt
Nom. exchange 
rate (ex) 
SNB Nominal Exchange rate 
index against 24 trade 
partners 
∆(ex) ∆et
SNB: Swiss National Bank 
SECO: State Secretariat for Economic Affairs SECO 
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Figure 1: Impulse Responses to a One Standard Deviation Productivity Shock  
with 95-Percent Confidence Interval
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Figure 2: Impulse Responses to a One Percent Interest Rate Shock with 95-Percent 
Confidence Interval
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Figure 3: Comparison of DSGE Output Gap and DSGE Output of the Full Model (both 
Evaluated at the Mode of the Posterior Distribution) with Alternative Measures  
of Business Cycles
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Figure 4: Median DSGE Output Gaps of All Three Models
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SUMMARY
The output gap plays an important role in the assessment and conduct of mon-
etary policy. Most of the current literature, however, relies on filtering procedures 
which use ad hoc smoothness arguments for identification. Furthermore, they 
are subject to end-of-sample problems and do not provide estimates of the output 
gap based on economic theory. In contrast, our model-based approach relies on 
a precise definition of the natural level of output and consequently of the output 
gap. This paper provides, for the first time, an estimate of the output gap based 
on a DSGE small open economy model for Switzerland. We use Bayesian econo-
metrics to derive an estimate of the output gap, which is then compared to some 
alternatives. Except for the last years, our measure of the output gap is close to 
zero most of the time. This suggests that price rigidities play a minor role in the 
propagation of the Swiss business cycle. We show that our estimate produces sen-
sible and robust results which encourage further research.
